A ground test was performed to determine the effects of compressor bleed flow extraction on the perform-
Facility.This pre-production,single-seat F/A-18 aircrafthas been uniquely modified to perform extensive flight testingin the high-angle-of-attack (AOA) region. These modificationsinclude a thrust vectoringcontrol system (TVCS).
The incorporationof the TVCS required modificationsto the aircraft avionics, flight controls, hydraulics,cockpit,and engines. I
F404-GE-400 Turbofan Engines
Two pre-production F404-GE-400 engines (General Electric,Lynn, Massachusetts) are installedin the
HARV.
The F404-GE-400 (Fig.2) is a two-spool,low bypass axial-flow turbofan with afterburner.The engine consistsof a 3-stage fan, 7-stage high-pressure compressor, annular combustor, l-stagehigh-pressure turbine,and 1-stagelow-pressureturbine.Variablegeometry isincorporated into the fan and high-pressure compressor along with a convergent-divergentnozzle.
The F404 engines on the HARV have the divergent portion of the nozzle and externalflapsremoved to incorporate the TVCS. The engine controlsystem was modifiedto provide a selectable turbine dischargetemperature biasforadditionalengine stall margin at high AOA.
The controlsystem has two basic modes of operation which aredependent on the throttle setting(PLA). Below Militarypower, high compressor rotor speed (N2) and exhaust nozzle area (A8) are scheduled. Throttle positionand compressor inlet temperature (T25) schedule N2. The throttlepositionschedules A8. At
Militaryand above, the controlsystem schedules maximum fan speed (N1) and maximum low-pressureturbine exittemperature (T56). Fan speed is controlled as a function of engine inlettemperature (TI). The variableexhaust nozzle is modulated to maintain the scheduled T56 which is a function of T1 and ambient pressure (PAMB).
Aircraft-Engine Bleed Air System
Bleed aircomes from an annular manifold at the exit of the high-pressurecompressor of each engine (Fig.3) . A bleed airpressureregulatorand shutoffvalvein each engine compartment is controlled by the bleed air knob located in the cockpit. The cockpit control allows bleed air to be selected from either or both engine sources, or to be turned off. The bleed air passes through a check valve which prevents reverse flow from one engine to the other. The bleed air lines are then teed together. The bleed air line is routed up the backbone of the aircraft over the fuel tanks and then down into the ECS and heat exchanger ejectors (Fig. 4) . Bleed flow is regulated by the ECS. Maximum engine bleed is limited by the size of the bleed port on the engine but can exceed the manufacturer's maximum specification limit (Fig. 5 ).
Excess Bleed Air System
The EBAS was a specially designed ducting system for measuring bleed air flow rates from the F/A-18 HAKV (Fig. 6 ). The EBAS hardware was designcd by NASA Ames Research Center at Moffett Field, CA and is illustrated schematically in Fig. 7 . The system consists of two principal sections, the ECS flow measurement section and the bleed airflow dump section. The ECS flow measurement section required a section of ECS duct along the backbone of the aircraft to be re_ moved and replaced with modified ducting and a Venturi flowmeter (Fig. 4) . This section of ECS ducting could also be replaced with a capped offduct section, thereby allowing no airflowto the ECS from the en- Input into the steady-statemodel includes altitude, Mach number (M), power levelangle (PLA), and amblent temperature. The program allows for determining the effects on engine operation of engine bleed air extractionfrom 0 to the manufacturer maximum specification limit (Fig.5 ).
Test Setup-Procedure
Thrust Stand Description
The EAFB universalhorizontalthrust stand, operated by the Air Force, was used to measure installed thrust.
The thrust stand consists of four force measuring tables arranged in a cross formation (Fig. 8) .
This layout accommodates a wide variety of aircraft. 
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BV2 valve was used to controlbleed flowthrough the measurement ducting.
The operationof controlvalvesand recordingofmeasurements on the EBAS was located in a data van located near the thrust stand. All EBAS parameters (Table 1) were recorded on a portable data acquisition system. The system enabled real-timeparameter readouts includingbleed mass flow rates. The EBAS A least-squares curve fit of the estimated and measured data is given in 
92-percent
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The effect of power setting on thrust loss due to bleed extraction is summarized in Fig. 15 . 
